We study the initial-boundary value problem for the Fokker-Planck equation in an interval with absorbing boundary conditions. We develop a theory of wellposedness of classical solutions for the problem. We also prove that the resulting solutions decay exponentially for long times. To prove these results we obtain several crucial estimates, which include hypoellipticity away from the singular set for the Fokker-Planck equation with absorbing boundary conditions, as well as the Hölder continuity of the solutions up to the singular set.
Introduction
We consider the initial boundary value problem for the following Fokker-Planck equation in an interval [0, 1]:
3) f (1, v, t) = 0, for v < 0, t > 0, (1.4) where f (x, v, t) 0 is the distribution of particles at position x, velocity v, and time t for (x, v, t) ∈ [0, 1]×R×R + and f 0 (x, v) 0 the initial charge distribution.
The kinetic boundary condition given in (1.3)-(1.4) is the so-called absorbing boundary condition or absorbing barrier (cf. [14, 24] ). If we interpret (1.1)-(1.4) as the equation for the density in the phase space of a system of particles, the meaning of the boundary conditions (1.3)-(1.4) is that the particles reaching the boundary of the domain containing them can escape but not re-enter it.
Equations with the form (1.1) and boundary conditions like (1.3) appear in the study of different problems of statistical physics. For instance, they arise in the study of Brownian particles moving in bounded domains (cf. [24] ), or in the study of the statistics of polymer chains (cf. [6] ).
The Fokker-Planck operator is a well-known hypoelliptic operator. Diffusion in v together with the transport term v · ∇ x has a regularizing effect for solutions not only in v but also in t and x, which can be obtained by applying Hörmander's commutator (cf. [19] ) to the linear Fokker-Planck operator. For more details, see [2] . Note that these results were obtained in the whole space without boundaries.
On the other hand, the Fokker-Planck operator is also known as a hypocoercive operator, which concerns the rate of convergence to equilibria. Indeed, the trend to equilibria with a certain rate has been investigated in many papers (cf. [11, 17, 21, 36] ) in the Maxwellian regime and in the whole space or in the periodic box. For more details, we refer to [36] .
The hypoelliptic and hypocoercive properties have also been explored for other kinetic equations. Among others, we briefly review theories of existence, regularity and asymptotic behaviors for the Vlasov-Poisson-Fokker-Planck system in the whole space, which is one of the important models in mathematical physics and has been widely studied. The global existence of classical solutions was studied in [3, 30, 35] . Asymptotic behaviors and time decay of the solutions in the vacuum regime were considered in [8, 10, 28] . We mention the works in [9, 34] , where the global weak solutions were constructed, and the work in [4] , where the smoothing effect was observed.
Compared to the theory in the case of the whole space, little progress has been made towards the boundary-value problems for these equations. In [5, 7] , global weak solutions and asymptotic behaviors for the Vlasov-Poisson-Fokker-Planck equations were studied in bounded domains with absorbing and reflective type boundary conditions. In [27] , a global stability of DiPerna-Lions renormalized solutions to some kinetic equations including the Vlasov-Fokker-Planck equation which was studied under the Maxwell boundary conditions. However, to our knowledge, the hypoellipticity property of the Fokker-Planck equation has not been studied in bounded domains other than the periodic boundary condition, and no convergence rate for solutions of the Fokker-Planck equation has been investigated for an interval in the vacuum regime.
In this paper we develop a theory for classical solutions of (1.1)-(1.4). We will also prove that the solutions of this problem vanish exponentially fast as t → ∞.
From the technical point of view, the main obstruction to developing a theory for classical solutions of (1.1)-(1.4) is the presence of the so-called singular set. This set can be defined for some kinetic equations (cf. [14, 15, 18] ). In the case of (1.1)-(1.4), the singular set reduces to the points (x, v) ∈ {(0, 0), (1, 0)}. The fact that the solutions of kinetic equations cannot have arbitrary regularity near the singular set was first noticed by Guo in the Vlasov-Poisson system (cf. [14] ). In this paper we will prove that the solutions of (1.1)-(1.4) are not C ∞ in general near the singular set.
Notice that the equation (1.1) contains the second derivative that yields the regularizing effects only in the variable v. On the other hand, the presence of the transport term v f x has the following consequence that the solutions of (1.1) become C ∞ for any t > 0 in the set ([0, 1] × R) \ {(0, 0), (1, 0)}. This property is known as
